A group of Sesbania cannabina rhizobia belonging to four recA genotypes of a novel group was further characterized in comparison with the related Ensifer species. They showed 98.2 to 99.9 % similarities among themselves and 92.9 to 93.3 % similarities with the most related strain Ensifer sojae CCBAU 05684
Ensifer kummerowiae, Ensifer medicae, Ensifer meliloti, Ensifer mexicanus, Ensifer morelense, Ensifer numidicus, Ensifer psoraleae, Ensifer saheli, Ensifer sesbaniae, Ensifer sojae and Ensifer terangae (Casida Jr, 1982; Li et al., 2011; Lloret et al., 2007; Martens et al., 2008; Merabet et al., 2010; Wang et al., 2013; Yan et al., 2016; Young, 2003) . In order to clarify the accurate taxonomic position of this novel Ensifer group, we performed the present study to compare it with the defined Ensifer species. All the bacterial strains involved in this study (Table 1) were maintained on yeast malt agar (YMA) (Vincent, 1970) plate at 4 C for short-term storage and in yeast malt (YM) broth supplied with 20 % (v/v) glycerol at À80 C for long-term storage.
In the previous study, the novel Ensifer group covering 120 strains of Sesbania cannabina rhizobia was defined by phylogenetic analyses of their recA gene (coding for DNA recombination and repair protein) and 16S rRNA gene, as well as multilocus sequence analysis (MLSA) of recA, atpD and glnII (Li et al., 2016) . In the present study, recA phylogenetic tree for all the 120 novel strains, 16S rRNA phylogenetic tree and recA-atpD-glnII MLSA tree for the strains YIC4027, YIC4009, YIC4031 and YIC4032 representing the four recA types were reconstructed in comparison with the corresponding sequences for all the defined Ensifer species acquired from the GenBank database. The sequences used in each phylogenetic analysis were aligned, and the similarities among the sequences were calculated by using MEGA 5.05 software (Tamura et al., 2011) . For each gene, phylogenetic tree was reconstructed using the neighbourjoining and maximum-parsimony methods based upon Jukes-Cantor distances for recA and 16S rRNA gene and Kimura's two-parameter model for MLSA using MEGA 5.05 software (Tamura et al., 2011) . The topology of the phylogenetic trees was evaluated by bootstrapping with 1000 replicates.
Due to the fact that no significant topological difference was observed among the phylogenetic trees reconstructed using different methods, only the neighbour-joining trees of 16S rRNA gene ( Fig. 1) and MLSA ( Fig. 2) were shown (phylogenetic tree for recA available as Fig. S1 , available in the online Supplementary Material), while the similarities of 16S rRNA and housekeeping genes were summarized in Table 1 . The 16S rRNA genes of four representative isolates shared 100 % sequence similarities with each other, and they were most related to E. arboris LMG 14919 T (99.6 % similarity), followed by E. meliloti LMG 61337
T , E. 
numidicus ORS 1407
T , E. medicae WSW419 T and E. psoraleae CCBAU 65732 T (99.5-99.1 %) (Table 1) . However, the three housekeeping genes recA, atpD and glnII of the representative strains showed higher similarities with those of E. sojae CCBAU 05684
T or E. fredii USDA 205 T (Table 1 ).
Similar to the previous reports (Martens et al., 2008; Vinuesa et al., 2008) , MLSA with concatenated sequences (1312 bp) of the housekeeping genes recA, atpD and glnII in the present study ( Fig. 2) presented greater discriminatory ability than 16S rRNA gene. In Fig. 2 , the four representative stains formed a subclade of Ensifer sharing 98.2 to 99.9 % similarities among them, and they were most related with E. sojae CCBAU 05684 T (92.9-93.3%) (Table 1) , which were lower than the usually used criterion (97 %) for species discrimination (Vinuesa et al., 2008) . Therefore, the phylogenies of recA (Fig. S1 ), 16S rRNA gene ( Fig. 1) and MLSA (Fig. 2) in this study confirmed the previous observation (Li et al., 2016) that the 120 strains belonging to four recA genotypes formed a unique group in Ensifer, differing from all the defined species. Furthermore, the phylogenetic relationship based on recA sequence alone was consistent with the relationships in MLSA (Figs 1 and S1), demonstrating that recA is an effective molecular marker for grouping a large number of isolates.
Since whole-genome data reveal more phylogenetic message than single genes or/and MLSA, genome DNA of YIC4027 T extracted using TIANGEN genome extraction kit for bacteria was fragmented, barcoded and quantitated and then sequenced by using Illumina next-generation sequencing technology (Sino Geno Max). Sequences were assembled by using SOAP denovo2.0, and gap filling was performed by using GapCloser 1.05 (Luo et al., 2012) . The average nucleotide identity (ANI) values among the strain YIC4027
T and closely related reference strains were calculated using JSpecies software (Richter & Rosselló-Móra, 2009; Jim enez et al., 2013; Saw et al., 2013) . Genes were predicted using Glimmer software version 3.0 (Delcher et al., 2007) ; genes encoding tRNA were predicted by tRNAscan-SE (Lowe & Eddy, 1997) ; and rRNA genes were predicted by RNAmmer version 1.2 (Lagesen et al., 2007) . Strain YIC4027
T had ANI values of 88.9 % with the most related strain E. sojae CCBAU 05684
T , 81. with E. saheli LMG 7837 T and 81.8 % with E. glycinis 23380 T , which were much lower than the species threshold of 95 % (Goris et al., 2007) .
Symbiotic genes of nodA, nodC and nifH were amplified and sequenced by using primer pairs of nodA1/nodA2 (Haukka et al., 1998) , nodC540/nodC1160 (Laguerre et al., 2001 ) and nifHF/nifHR (Laguerre et al., 2001 ) with the corresponding protocols, respectively. All the four representative strains shared identical nodA, nodC and nifH sequences (Figs S2-S4) that formed a unique lineage related to those of the other Sesbania-nodulating rhizobia in different genera, such as Rhizobium sp. SIN-1, Neorhizobium huautlense S02 T , E. saheli ORS609
T and Rhizobium sp. IRBG74. Therefore, Sesbania cannabina has severely screened the symbiotic gene background of its rhizobial partner. Nodulation tests on different legumes were performed according to the previously reported protocols in Leonard jars filled with vermiculite (Vincent, 1970) . The four representative strains formed effective nodules on their original host Sesbania cannabina, but not on Sophora flavescens, Trifolium repens, Glycine max, Glycyrrhiza uralensis, Phaseolus vulgaris and Medicago sativa. The narrow host range and the unique phylogenetic lineage of nodA, nodC and nifH evidenced a severe symbiotic specificity of this novel rhizobial group.
For morphology observation, well-separated single colonies were observed on a YMA plate at 28 C inoculated about 48 h, and the cell size was determined by a scanning electronic microscope. Phenotypic features of representative strain YIC4027
T were determined and compared with type strains of the most related species. The utilization of sole carbon sources was determined by using the commercial Biolog GN2 microplate as described previously by Khalil & Alsanius (2009) . Resistance to antibiotics (at 5, 50, 100 and 300 µg ml À1 ), tolerance of NaCl at different concentrations (1-5 %, w/v), growth at different pH and temperature were determined as described previously by Gao et al. (1994) . Amylase, catalase, urease, Voges-Proskauer (VP) reaction and production of hydrogen sulfide (H 2 S) were measured by methods of Smibert (1994) . In summary, the utilization results of 40 compounds (19 positive and 21 negative) were common for all the strains (Table 2 ). All the test strains were sensitive to 50 µg ml --1 of kanamycin, neomycin and streptomycin and 5 µg ml --1 of tetracycline but resistant to 50 µg ml --1 of chloramphenicol and 5 µg ml --1 of trimethoprim and nalidixic acid. All the test strains could tolerate 1 % (w/v) NaCl and grow at pH 7.0 to 9.0. The differential characteristics of YIC4027 T observed in all the phenotypic characterization are listed in Table 2 . The positive urease activity, endure pH 6.0, 4 % NaCl (w/v) and resistance to 300 µg ml À1 of chloramphenicol distinguished strain YIC4027
T from all the type strains of related species (Table 2) .
For chemical taxonomy analysis, strain YIC4027
T was inoculated on YM medium at 28 C for 2 days, and biomass was harvested. The cellular fatty acids were extracted, methylated (Dunfield et al., 1999) , analysed by gas chromatograph and were identified using Sherlock Microbial Identification System (Tighe et al., 2000) . The major cellular fatty acids (>1 %) were summed feature 8 (C 18 : 1 !6c/ C 18 : 1 !7c), C 19 : 0 cyclo !8c, summed feature 2 (C 14 : 0 3-OH/ C 16 : 1 iso/ C 12 : 0 aldehyde), C 16 : 0 , C 18 : 0 and C 17 : 0 cyclo, which were consistent with the related Ensifer species (Table S1 ). Furthermore, strain YIC4027
T exclusively possessed C 13 : 0 2-OH, C 13 : 1 at 12-13, C 15 : 1 iso !9c, C 17 : 0 anteiso and C 18 : 0 iso and did not contain C 14 : 0 anteiso, C 15 : 0 anteiso and C 18 : 0 3-OH, which is different from the related strains (Table S1) .
Conclusively, the 120 tested Sesbania rhizobial strains were identified as members of Ensifer by 16S rRNA gene phylogeny. They were divided into four recA genotypes that formed a unique group that differed from all the defined Ensifer species in MLSA of recA, atpD and glnII. The characteristics of enduring NaCl 4 % and pH 6 to 10 were consistent with their distribution in the saline-alkaline soil. The use of lactulose as a sole source, possession of C 13 : 0 2-OH, C 13 : 1 at 12-13, C 15 : 1 iso !9c, C 17 : 0 anteiso and C 18 : 0 iso and absence of C 14 : 0 anteiso, C 15 : 0 anteiso and C 18 : 0 3-OH in fatty acids distinguished the representative strain YIC4027
T from the closely related type strains. The low level of ANI values (81.6-88.9 %; Table 1) of representative  strain YIC4027 T with the related Ensifer strains revealed different genetic backgrounds among them. Therefore, all results in this study support the delineation of the tested Sesbania rhizobial strains as a novel species in Ensifer, for which the name Ensifer alkalisoli sp. nov. was proposed.
Description of Ensifer alkalisoli sp. nov.
Ensifer alkalisoli [al.ka.li.so¢ li. N.L. n. alkali (from Arabic al-qaliy), alkali; L. n. solum, soil; N.L. gen. n. alkalisoli of alkaline soil, referring to the saline-alkali soil where the bacterium was isolated].
Cells are Gram-negative, aerobic, motile, non-spore-forming rods of 0.39-0.43Â1.05-1.17 µm. Colonies are circular, with moderate mucous, white-opaque, convex and with 1 to 3 mm in diameter after incubation on YMA at 28 C for 2 days. The mean generation time is about 4.0 h at 28 C, 160 r.p.m., in YM broth. The species can use dextrin, melibiose, cis-aconitic acid, D-gluconic acid, D-glucosaminic acid, D, L-lactic acid, L-proline, L-pyroglutamic acid, urocanic acid and glycerol, which is different from other related strains. Urease was positive. Amylase, catalase and Voges-Proskauer test were negative, and H 2 S was not produced. In addition, growth occurs at 1 to 4 % NaCl (w/v) or at pH 6 to 10 and the optimum at pH 7.0. Major cellular fatty acids (>1 %) were summed feature 8, C 19 : 0 cyclo !8c, summed feature 2, C 16 : 0 , C 18 : 0 , C 17 : 0 cyclo and C 18 : 1 !9c. Furthermore, compared with the closely related strains, YIC4027
T exclusively possessed C 13 : 0 2-OH, C 13 : 1 at 12-13, C 15 : 1 iso !9c, C 17 : 0 anteiso and C 18 : 0 iso and did not contain C 14 : 0 anteiso, C 15 : 0 anteiso and C 18 : 0 3-OH in the fatty acids. MLSA (combined of recA, atpD and glnII) and ANI analyses effectively distinguished the novel species and its related species; this species can be identified in the future by MLSA and by ANI of whole genome (Table 1) . The type strain YIC4027
T (=HAMBI 3655 T =LMG 29286 T ) was isolated from root nodule of Sesbania cannabina grown in alkaline-saline soil. It forms effective nodules on its original host Sesbania cannabina, but not on Sophora flavescens, T. repens, Glycine max, Glycyrrhiza uralensis, P. vulgaris and M. sativa. The DNA G+C content of strain YIC4027 T was 62.2 mol%.
